ity, refractive index
The present studies were carried out with the aim of developing monomers for dental resin, for which the authors synthesized 13 kinds of monomers with a P-N-bond skeleton, containing polymerizing groups and hydrophobic groups in the molecule. reduced pressure according to the normal method. Phenol (PhH) was from Wako, and of guaranteed reagent grade. 2, 2, 2-Trifluoroethanol (TFH) and 2, 2, 3, 3, 4, 4, 5, 5-octafluoropentanol (OFH) were obtained from Tokyo Kasei, and were of guaranteed reagent grade. Benzene (Tokyo Kasei, extra pure) was used after desiccation and distillation according to the normal method. Dehydrated pyridine was from Kanto Chemical, and of extra pure grade. Other reagents used for synthesis were of guaranteed reagent grade. The remaining groups of HEMA, PhH, TFH and OFH, those with their hydrogen disconnected, i. e., the methacryloxyethoxy group, phenoxy group, 2, 2, 2-trifluoroethoxy group and 2, 2, 3, 3, 4, 4, 5,5-octafluoropentoxy group are hereinafter abbreviated as EMA, Ph, TF and OF, in that order.
Synthesis of monomers
The reaction was carried out in 2 steps. First, P4N4Cl8 and PhH (TFH or OFH) were made to react in order to substitute the Ph (TF or OF) of the hydrophobic group, and HEMA was made to react in order to substitute EMA, the polymerizing functional group. To a fixed amount of P4N4Cl8 dissolved in benzene, a fixed amount of PhH (TFH or OFH) was added, followed by addition of dehydrated pyridine,cooling and stirring for 4 or 5 h at 60 or 80°C. After reaction for a fixed. time period, the benzene solution was cooled with ice, and the precipitated pyridine hydrochloride was removed with a glass filter, dried and finally weighed. The yield was the same as the theoretical amount, proving that almost all of the mixed PhH (TFH or OFH) had reacted with P4N4Cl8.
In the 2nd step of the reaction, a fixed amount of HEMA was added to the In each case, the benzene solution, after reaction for a fixed period, was cooled with ice, and 1 liter of 6 N hydrochloric acid solution was added in order to separate and remove any unreacted pyridine, pyridine hydrochloride and excess HEMA. The benzene solution was washed again with 300 ml of 4 N hydrochloric acid solution, 5% potassium carbonate solution, and 5% sodium chloride solution in that order, and each procedure was repeated 3 times. Then 50-70 g of anhydrous magnesium sulfate was added to the washed benzene solution for dehydration, and the benzene was removed under reduced pressure to obtain a colorless or light yellow, transparent oily compound.
3. Analysis of compounds and determination of their properties 1) IR spectrum IR spectra of compounds and raw materials were measured using an infrared spectrophotometer (Hitachi, 295 Model), employing either the liquid film method with a KBr disc and NaCl disc, or the tablet method in the case of P4N4Cl8. 2) Amount of unsubstituted chlorine Unsubstituted chlorine was analyzed with an X-ray microanalyzer (Horiba, EMAX 8700). Benzoyl peroxide (BPO, Wako) and N,N-dimethyl-p-toluidine (DMPT, Wako, extra pure) were added to the compound and cured at room temperature. The characteristic X-ray peaks of P and Cl in the set product were measured, 104 counts in total, to determine the integral intensity ratios of P and Cl in comparison with those of P4N4Cl8 as a standard, for calculating the amount of unsubstituted chlorine.
3) Specific gravity Table 2 .
It was proved that for all the 13 kinds of reacted products, the P-Cl absorption at 790, 600 and 520 cm-1 disappeared, along with the absorption for the OH group.
This proved that as the mixed amounts of PhH, TFH and OFH increased during the reaction, their respective characteristic absorptions were strengthened. 2) Amount of unsubstituted chlorine The amount of unsubstituted chlorine was analyzed by XMA. From the results obtained, the molecular formulae of the 13 kinds of monomers were assumed to be as shown in Table 3 .
The number of unsubstituted chlorine in PNC-EMA was 0.28, a comparatively large value, but the other 12 kinds of monomers showed smaller values, 0.04-0.17.
The synthesis of these 12 kinds of monomers was carried out in 2 steps. In the 1st step of the reaction, i. e., in the case of reaction of PhH, TFH and OFH, the amount of precinitated pvridine hydrochloride was equivalent to the theoretical amount 100 h to 50 h, but there was no remarkable effect in decreasing the unsubstituted Table 3 Estimated  molecular  formulae of PNC-EMA,  PNC-Ph-EMA,  PNC-TF-EMA  and PNC-OF-EMA  monomers benzene, chloroform, tetrahydrofuran, methanol and ethanol. Table 4 shows the details of their measured specific gravity, viscosity and refractive index.
(1) Specific gravity
As shown in Table 4 , the specific gravity of the synthesized monomers differed to a considerable degree according to the kinds of substituted hydrophobic groups, and when the substituted numbers were approximately the same (with one exceptional case), the value showed a tendency to become larger in the order, PNC-Ph-EMA, PNC-TF-EMA and PNC-OF-EMA.
That is, when TF and OF were substituted, the specific gravity increased in accordance with the increase in the substitution number, since the specific gravities parison with that of HEMA, there is no remarkable increase in comparison with TF or OF.
(2) Viscosity As shown in Table 4 , for all of PNC-Ph-EMA, PNC-TF-EMA, and PNC- (3) Refractive index As shown in Table 4 , in the case of PNC-Ph-EMA, the refractive index showed a tendency to increase almost linearly in accordance with the increase in the number of Ph groups substituted (a decrease in the number of EMA). For both PNC-TF-EMA and PNC-OF-EMA, the value decreased almost linearly in accordance with the increase in the number of TF or OF substituted (a decrease in the number of EMA). 
